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(54) Title: A DEVICE FOR LEAKAGE DETECTION 
(57) Abstract 



A device for leakage detection 
in pumps or other assemblies for 
handling electrically . conductive, 
pumpable products, e.g. previously 
sterilized liquid foods, has - a 
diaphragm which includes, on 
the one hand, a liquid-tight layer 
(15) which is located in contact 
with the product, and, on the other 
hand, an electrically conductive 
material layer (16) discrete from the 
product. The conductive layer (16) 
is, via a conductor (19) with an 
indicator (20), electrically connected 
to the product, and when cracks 
occur in the diaphragm so that the 
product comes into contact with the 
electrically conductive layer, a closed 
current circuit will be made, which 
immediately indicates the leakage 
and makes it possible to avoid the 
leakage resulting in a contaminated 
and destroyed product 
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A DEVICE FOR LEAKAGE DETECTION 

TECHNICAL FIELD 

The present invention relates to a device for detecting llaws in 
5 diaphragms which are in contact with electrically conductive, pumpable 
products. 

BACKGROUND ART 

The handling of foods or other sensitive products requires stringent 
1 0 hygiene. This is particularly the case when the products involved have been 
treated beforehand (eg. by means of heat sterilization) so as to prevent the 
growth of micro-organisms and impart to the product a long shelf life. As a 
result, the transport, pumping and filling of such previously sterilized 
products take place in completely closed systems which are manufactured 
1 5 from some suitable, bacteria-proof material such as stainless steel. With the 
aid of conduit systems and pumps, the products (which commonly comprise 
liquids of varying viscosities or pulps containing larger or smaller quantities 
of liquid) are transported from the sterilization apparatus or interjacent 
storage vessel (holding tanks) to those packaging containers which are 
20 employed for selling the product to individual consumers. In addition to the 
conduit system proper, pumps are also required for this purpose, and 
possibly also pressure vessels and pressure equalization apparatuses, for 
example of the type described in GB Patent 1.550.080. In particular in 
pumps, and in certain types of pressure equalization apparatuses, narrow 
25 gaps occur (for example between piston and cylinder walls in a piston 
pump) in which product residues may accumulate and are removed only 
with difficulty in connection with cleaning of the system. This problem is 
normally avoided in that the pump or the relevant assembly is provided with 
a flexible diaphragm which is connected in a tightly sealed manner with the 
30 walls of the pump housing. The above-outlined problems are hereby 
solved, but instead there then occurs the risk that flaws in the diaphragm, 
such as crack formation, pores or the like, allow the penetration of product 
and cause difficulties in guaranteeing that the desired aseptic level of 
dependability is maintained.. One prior art method of obviating this problem 
35 is to provide, on the rear side of the diaphragm, a vacuum chamber in which 
penetrating product may be detected. However, such detection takes place 
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at a relatively late stage, since a certain quantity of product must have had 
time to pass the diaphragm and enter into the vacuum chamber before it 
becomes possible to detect the leakage. An arrangement of this type is 
disclosed in European Patent 410.125. For the above-outlined reasons. 
5 there is a general need in the art to devise an arrangement which makes it 
possible, both reliably and at a very early stage, to detect the occurrence of 
flaws such as cracks or pores in diaphragms of the type which are 
employed in direct contact with pumpable products, for example previously 
sterilized contents such as milk, juice or the like. 

10 

OBJECTS OF THE INVENTION 

One object of the present invention is to realize a device which 
makes it possible, in a simple and reliable manner, immediately to indicate 
the occurrence of a leakage in a diaphragm which is located in contact with 
1 5 an electrically conductive product, eg. a liquid or a pulp containing liquid. 

A further object of the present invention is to realize a device for 
leakage detection, the device being of simple and dependable design and 
construction and being capable of being manufactured and put into use at 
low cost. 

20 Yet a further object of the present invention is to realize a device for 

detecting flaws in diaphragms, the device not appreciably complicating the 
design of the assembly in which the detection operation is to take place, for 
example a pump. 

Still a further object of the present invention is to realize a leakage 
!5 detector which, with absolute reliability, detects leakage at such an early 
stage that there is no time for any contamination of the pumped, sterile 
product to take place. 



SOLUTION 

The above and other objects have been attained according to the 
present invention in that a device for detecting flaws in diaphragms which 
are In contact with electrically conductive, pumpable products has been 
given the characterizing feature that the diaphragm is provided with a 
liquid-tight layer which Is located between the product and an electrically 
conductive material layer which, via a conductor provided with an indicator, 
is in electric connection with the product. 



WO 95/27194 



PCT/EP95/00705 



3 

Preferred embodiments of the present invention have further been 
given the characterizing features as set forth in the appended subclaims. 

ADVANTAGES 

5 By utilizing, according to the present invention, an electrically 

conductive layer integrated in a diaphragm and a conductor uniting this with 
the product, an integrated system will be created which simply and 
efficiently gives an electric indication as soon as a leakage occurs In the 
liquid-tight diaphragm layer. The device is extremely simple and replaces 
10 those complicated arrangements employing vacuum sources, vacuum 
chambers etc., which have previously been employed to give a similar - 
albeit less reliable - indication of leakage in diaphragms in aseptic pumps. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWING 

1 5 One preferred embodiment of the device according to the present 

invention will now be described in greater detail hereinbelow, with 
particular reference to the accompanying, schematic Drawing which merely 
shows those details indispensable to an understanding of the invention. In 
the accompanying Drawing: 

20 

Fig. 1 is a sectional view of an assembly with a device according to 
the present invention; and 

Fig. 2 shows, on a larger scale, a part of the device of Fig. 1, seen in 
section. 

25 

DESCRIPTION OF PREFERRED EMBODIMENT 

The device according to the invention is illustrated and described as 
it may be designed when employed in an assembly for pumping or 
pressure equalization in a conduit for pumpable products of the type which 

30 places stringent demands on hygiene and bacteria-tightness, eg. in the 
pumping of previously sterilized food products at packaging machines. The 
device according to the present invention may, however, also be employed 
in other types of assemblies such as tanks or the like fitted with diaphragms. 
Referring to the Drawing, the assembly 1 illustrated in Fig. 1 

35 comprises a cylinder 2 with a piston 3 whose end surface abuts against a 
diaphragm 4 which is connected in liquid and bacteria-tight fashion to the 
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cylinder 2 in an annular diaphragm mount 5 extending about the cylinder. 
The piston 3 is connected via a piston rod 6 to a cam follower 7 in the form 
of a freely rotary roller which abuts against a cam 8 which is driven by a 
prime mover (not shown) eg. an electric motor. In the end of the cylinder 2 
5 facing away from the cam 8 f there is disposed a product chamber 9 which is 
defined partly by the previously mentioned diaphragm 4 and partly by the 
end wall 10 of the cylinder 2. The product chamber 9 displays an inlet 11 
and an outlet 12 which, when the assembly serves as a pump, are provided 
with valves (not shown) of known type which serve to direct the flow one- 
1 0 way through the product chamber 9. The cylinder 2 includes a front cylinder 
wall 13 and a rear cylinder wall 14 which meet at the diaphragm mount 5 
which includes an appropriately designed groove in the end surfaces of the 
cylinder walls 13 and 14 facing one another. The front and rear cylinder 
walls 13 and 14, respectively, are held together by means of bolts (not 
1 5 shown) or other suitable fixing devices. 

The diaphragm 4 includes a liquid-tight layer 15 and an electrically 
conductive layer 16 which are brought together and united with one another 
so as to form one unit, the diaphragm 4. Both the liquid-tight layer 15 and 
the electrically conductive layer 16 are manufactured from a flexible rubber 

20 or plastics material, for example silicon of the type which is approved for 
use together with foods. The electrically conductive diaphragm layer 16 
may consist of conductive silicon of known type, or a rubber or plastics 
material with embedded conductors in the form of wires or fibres of 
electrically conductive material. The electrically conductive layer is, at its 

25 outer periphery, provided with a bead 17 which, together with a 
corresponding groove 18 in the end surface of the rear cylinder wall 14, 
guides the diaphragm when the two cylinder walls 13 and 14 are joined 
together. If the cylinder walls are manufactured from an electrically 
conductive material, the conductive layer 16 of the diaphragm must be 

30 insulated from direct contact with the front cylinder wall 13, as will be 
explained in greater detail hereinbelow. As is apparent from the Figures, 
the diaphragm 4 is preferably serpentine so as to reduce the stresses in 
connection with the movements of the piston 3, but it is naturally also 
conceivable, for example in the event of relatively slight piston movements, 

35 to employ a more or less planar diaphragm. 
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the diaphragm 4 (and as soon as the crack reaches such depth that the 
product, via the crack, comes into contact with the electrically conductive 
layer 16), the current circuit made up via the layer 16, the conductor 19 and 
the product 9 will be closed so that the ohmmeter 20 or some other, 
5 preferred indicator, will signal the presence of current in the conductor 19 
. . and_eMUhe desired, ootic or acoustic sianal. This will take .. effect_aireariv 
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It will be apparent from Fig. 2 how the electrically conductive layer 16 
of the diaphragm 4 is, by means of a conductor 19 via an indicator 20 {eg. 
an electric resistance meter or ohmmeter), connected to the cylinder wall 13 
or, in those cases when the cylinder wall 13 is not manufactured from an 
5 electrically conductive material, to a contact plate 21 which is located at the 
inside of the cylinder wall 13, i.e. in direct contact with the product located in 
the product chamber 9. Instead of the described conductor 19 provided with 
an ohmmeter 20, a conductor with an electric current source and some 
suitable signal arrangement may be employed, this being adjusted so as to 
10 emit a signal when current flows through the conductor. 19. 

When an assembly 1 of the type Illustrated in the Figures is utilized 
for, for example, pumping an electrically conductive food product, Jpr 
example In the form of a liquid such as milk or the like, or alternatively a 
pulp which contains liquid, for Instance viscous, slurry-like products, the 

1 5 device according to the invention may be employed for detecting flaws in 

the diaphragm 4, for example leakages which occur during operation and 
which may entail rupture in the aseptically tight wall which surrounds the 
product when this Is fed via a conduit system from, for instance, a sterilizer 
to a packaging or filling machine. As also the cleaning agents that are used 

2 0 for the cleaning of the system are conductive fluids or products, the advice 

will indicate leakages also during the cleaning phase. During pumping, the 
cam 8 is rotated with the aid of an electric motor (not shown), the cam 
driving the piston rod 6 via the follower 7 in a reciprocating movement 
which, via the piston 3, is transmitted to the diaphragm 4 so that the wall 

2 5 formed in the product chamber 9 by the diaphragm 4 reciprocates, in which 

event the volume in the product chamber 9 periodically varies. With the aid 
• of the above-mentioned conventional valves (not shown) in the inlet 11 and 
outlet 12, it will be ensured that the volume variations in the product 
chamber 9 result In a one-way product flow as indicated by means of 

3 0 arrows in Fig. 1. The pumped product Is, in such instance, in contact with 

the contact plate 21, but as long as the liquid-tight layer 15 of the diaphragm . 
4 does not display any llaws in the form of a crack or pores, no contact will 
be established between the product and the electrically conductive layer 16 
of the diaphragm 4, since this layer is, with the aid of the liquid-tight layer 15 
3 5 and the insulated diaphragm mount 5, electrically completely discrete from 
the product. However, if a crack were to occur in the .liquid-tight layer 15 of 
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WHAT IS CLAIMED IS: 

1. A device tor detecting flaws in diaphragms (4) which are in contact with 
electrically conductive, pumpable products, characterized In that the 
5 diaphragm (4) has a liquid-tight layer (15) which is located between the 
product and an electrically conductive material layer (16) which, via a 
conductor (19) provided with an indicator (20), is in electric connection with 
the product. 

10 2. The device as claimed in Claim 1, characterized in that the 
diaphragm (4) includes layers (16, 15) of, on the one hand, electrically 
conductive, flexible material, and, on the other hand, non-conductive liquid- 
tight and flexible material. 

15 3. The device as claimed in Claim 2, characterized in that the 
diaphragm (4) comprises united layers (15, 16) of electrically conductive 
and liquid-tight silicon, respectively. 

4. The device as claimed in Claim 1, 2 or 3, characterized in that the 
20 diaphragm (4) constitutes one wall in a product chamber (9). 

5. The device as claimed in Claim 1, characterized In that the indicator 
(20) is an ohmmeter. 
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